New vanadium (V) complex, diammomum (nitrilotriacetato)dioxovanadate (V) has been synthesized. The structure of the complex has been studied by NMR spectzoscopies as well as X-ray crystallography. The unit cell of the monoclinic crystals contains four molecules with a= 6.923 (1) A , b= 8.824 (2) A and fi = 91 .60 (3)° in the space group of P21/n. The anion, [VO2NTA]2" has irregular and distorted octahedral geometry around vanadium with two double-bonded oxo atoms cis to each other. It is confirmed from NMR studies that the chemical exchange between glycinate rings cis to and traps to V=0 bond has occurred fast in aqueous solution at elevated temperature.
With the recent discoveries of the first two naturally occurring vanadium-containing enzymes, the bromoperoxidase and mtrogenase, the coordination chemistry of vanadium is receiving renewed attention. ' Many carboxylic acids are known to form anhydrides with vanadate, especially if they also have additional hydroxyl groups available for chelation. Oxalate gives simple mono-and bisoxalate complexes with cis-V02 octahedral coordination.2.5 Also ethyle-nediamin to and its derivatives form similar complexes.
However, lactate and glycerate form a variety of derivatives, including esters, chelates with the vanadium having trigonal pipyramidal coordination, and two binuclear complexes with mixed coordination.s '9 In the previous paper10 we reported NMR studies on the chemical exchange between glycinate groups of vanadium (V)-nitrilotriacetate (NTA) complex in aqueous solution. In this paper we have prepared new vanadium (V) complex, diammonium (nitrilotriacetato)dioxovanadate (V), and studied its structure by X-ray and NMR spectroscopies.
Experimental

Reagents
All of the reagent grade chemicals were used as purchased without further purification. Ammonium metavanadate(NH4VO3), nitrilotriacetic acid (H3NTA) and deuterium oxide were obtained from Aldrich Chemical Co.
Synthesis of complex
The reaction of NH4V03 (0.02 mole, 2.34 g ) with H3NTA ( 0.02 mole 3.82 g ) and 25% ammonia water (0.02 mole, 1.3 ml) in 100 ml water produced yellow solution which was concentrated by passing a stream of dry air at room temperature for 2 days. The pale yellow crystals were formed and then filtered. The complexes were recrystallized from water. The yield was 1.95 g (63.1%). The single crystals were obtained by evaporating the aqueous solution of the complex. The chemical formula, VN308C6H14, of the complex was obtained from the elemental analysis. Analytical data (%) are in the range of good agreement (calculated; C 23.46, H 4.59, N 13.68, found; C 23.34 H 4.68 N 13.83).
X-ray measurements
Preliminary experiment and data collection for Xray crystal structure determination were performed on a Enraf-Nonius CAD41Turbo diffractometer using Mo Ka radiation ( X = 0.71069 A). A small single crystal, 0.5 x 0.5 x 0.5 mm, was cut from a larger one and glued to a glass fiber with an epoxy resin. 25 reflections in diverse reciprocal space were centered by an automatic search program and used to obtain cell parameters. After the preliminary cell was confirmed, high-angle data ( 29 > 20° ) were collected and 25 of these reflections were centered and used to obtain more accurate cell parameters. Unit cell parameters and the systematic absences indicated the monoclinic space group P21/n (No. 14)" with Z = 4. Data were collected on this improved unit cell at ambient temperature up to 20 = 50°. Data reduction including the connections for Lorentzpolarization, decay, and absorption were performed. Crystal structure was solved and refined with full- 
Results and Discussion
X-ray study of the complex
The details of crystallographic data are s in Table 1 . The selected bond distances and angles in the complex are tabulated in Table 2 .
The solid-state structure of the complex is remarkably simple with four molecules in a unit cell, as shown in Fig. 1 . The spectroscopic view of the molecules in the unit cell is shown in Fig. 2 . There is no particular interaction between adjacent molecules in the unit cell. The anion WO2NTA]2" has a slightly distorted octahedral geometry in which two oxo ligands are cis to each other as shown in oxalate23 and EDTA6'' complex. These two oxo ligands have short V-0 bonds (1.653 and 1.613 A) which indicate multiple bond character. The 0-V-0 angle (107.1 ° ) in V02 moiety is larger than 90 ° which is the standard octahedral value. The small difference (0.04 A) of V=0 bonds in the unconstrained complex might be due to the interactions with the asymmetric environments. The remaining four coordination sites of vanadium atom are occupied by a nitrogen atom and three oxygen atoms of the NTA ligand, giving three five-membered chelate rings in the complex. Three oxygen atoms of NTA in the complex fall into two groups depending on whether or not they are traps to V=0 bonds. The length (2.225 A) of traps V-0 bond is significantly larger than those (1.980 and 1.995 A) of cis V-0 bonds, showing a good illustration of the structural traps effect. The weakening of 6 bond strength is reflected throughout the rest of the anion.
NM]Z study of the complex
Two sets of glycinate group signals are appeared in 13C spectrum of the complex in D ZO, at room temperature: one set (65.03 and 179.72 ppm) is traps to V=0 and the other set (66.64 and 179.72 ppm) is cis to V=O. But at elevated temperature the chemical exchange between traps to and cis to V=0 occurs faster, giving one set of glycinate groups as shown in Fig. 3 . Below the coalescence temperature (Tc) of 300 K, two sets of glycinate signals are observed. The process for the chemical exchange might be one- ended dissociation equilibriation of coordinated ligand, accompanied by a rotation and reclosure of glycinate group. The chemical exchange between glycinate groups was also observed in 13C spectrum of vanadium(V)-oxalate complex.' 3 The complex shows 5'V peak at -504.3 ppm which falls in the range of octahedral coordination around vanadium atom.14 The half-width of S'V peak in the complex is 430 Hz which is smaller than that (1000 Hz) of EDTA complex,'S indicating the mcreasement of symmetry in the structure of NTA complex. CP/MAS 13C spectrum (Fig. 4) of the powder complex also shows two sets of glycinate groups: one (66.20 and 180.02 ppm) is trans to V=0 and the other (66.20 and 178.14 ppm) is cis to V=O. This result indicates that the chemical exchange between glycinate groups does not also occur in the solid-state. 
